256

Copy
RM E51G06
o ,
o
. g I
i
| - i
; e AR m:
: E s - =5 :
S - o= g "
% =3
z W= 3 |
nwS=g
g'z
RESEARCH MEMORANDUM !
m —— w— =
(o2]
cO
_\J
INVESTIGATION AT MACH NUMBER 1.88 OF HALF OF A CONICAL-
. SPIKE DIFFUSER MOUNTED AS A SIDE INLET WITH
Al BOUNDARY-LAYER CONTROL
- -

By H. Fred Goelzer and Edgar M. Cortright, Jr.

Lewis Flight Propulsion Laboratory
Cleveland, Ohio

- o e A c’--i%‘-lﬁ--‘."r‘.':?‘r:_. ‘ia el
- o g b, h

NATIONAL ADVISORY COMMITTEE
5 - FOR AERONAUTICS

i WASHINGTON
September 19, 1951

o




9¢22

TECH LIBRARY KAFB, NM

R -

0L43258
NACA RM E51G06 'm

NATIONAL ADVISORY COMMITTEE FOR AERONAUTICS

RESEARCH MEMORANDUM

INVESTIGATION AT MACH NUMBER 1.88 OF HALF OF A CONICAL-
SPIKE DIFFUSER MOUNTED AS A SIDE INLET WITH
BOUNDARY-LAYER CONTROL

By H. Fred Goelzer and Edger M. Cortright, Jr.

SUMMARY

An experimental investigation was conducted in a stream of Mach
number 1.88 to determine the performance characteristics of a side inlet
operating in the presence of initial boundary layer but alined at zero
angle of attack and zero yaw with the free stream. The supersonic
diffuser consisted of half of a 50°-conical-spike inlet mounted on a
flet plate. The subsonic portion of the diffuser was falred into &
eylindrical combustion chamber. Boundary-laeyer removal was accomplished
upstream of the inlet by means of & ram-type scoop of variable height.
The initial boundsry-layer thickness wes also variled.

With complete removel of the initial boundary lsyer upstream of the
inlet, a total-pressure recovery of approximately 89 percent was obtained.
Allowing all the initial boundary layer to flow into the inlet lowered

_the inlet total-pressure recovery to.epproximately 70 percent although

the initisl defect in total pressure in the boundary layer did not
greatly affect the average total pressure upstream of the inlet. Most
of the additional losses were determined to occur in the subsonlc
portion of the diffuser.

The inlet pressure recovery with a simple rgm-type scoop having a
straight leading edge decreased markedly with decreasing boundary-layer-
scoop mass-flow ratio. BSeveral boundary-layer-removal systems were
briefly investigated which greatly reduced this sensitivity.

The inlet was subject to large total-pressure losses when operating
at zero forward veloclty and high throat velocities.
INTRODUCTION

During recent years considerable research has been conducted on
air inlets suitable for application to supersonic alrcraft or missiles.
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This work has been chiefly devoted to axislly symmetric spike-type
diffusers designed for nose, wing, or pylon installstion. Relatively
little research is avallsble on the equally important case of the side
inlet.

Although the same fundamental types of supersonic diffuser are
used, the side~lnlet problem is complicated by the need for asymmetrical
subsonic diffusers and by the fact that the inlet must operate in the
flow fleld of the body on which it 1s mounted. With proper removal of
the initial boundary layer, proper orientation of the supersonic diffuser
with respect to the local stream, and good subsonic diffuser design, the
performance of the side inlet should be comparable to its nose inlet
counterpart.

One means of alleviating the problems assoclated with side inlets
is to locate the inlets on the underside- of the fuselage where the
initiel boundary layer 1s generally reduced at a positive angle of
attack and the local stream deflections due to angle of attack are
minimized. Because total elimination of these effects 1s not possible,
quentitative determination of body-linterference effects on diffuser
performence 1s desirable.

This paper considere the case of a conical-spike-type side inlet
operating in the presence of en initial boundery layer end allined at
zero angle of attack and zero yaw wlth the local streem of Mach number
1.88. A varisble-height ram-type scoop was used to remove the boundary
layer upstream of the inlet. In additlion seversl alternative boundary-
layer-removal systems were investigated at the NACA Lewls laboratory
during this program. The thickness of the initlal boundary layer was
varied by changing the plate length upstresm of the inlet. Both the
inlet and the boundary-layer scoop were opersted over a renge of mass-
flow ratios at various values of the boundary-layer-scoop helght. In
addition, the inlet performance was investigated in quiescent ailr to
similate the teke-off condition.

SYMBOLS
The followling symbols are used in this reporti:
A area
h helght of boundary-layer-removal scoop above flat plate

m mass flow

M Mach number

| Sy tﬁmm .
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P total pressure

R inlet redius (measured from center line of spike to 1ip)
v velocity at any point

x linesl distence (parallel to plate)

¥ normel distance from plate surface

ol boundary-layer thickness, distance from surface to point in
boundery layer where velocity is equal to 0.99 of free-stream

velocity
Subscripts:
o) free-stream condition

1 actual conditions 1/2 inch upstream of spike tip

2 actual conditions at exit of diffuser or boundery-layer scoop
s boundary-layer scoop

C choking condition

D inlet.

T throat

APPARATUS AND PROCEDURE
Model and Instrumentation

The side inlet (fig. 1) consisting of half of an axially symmetric
50°-conical-spike inlet mounted on a flat plate was alined at zero angle
of attack and zero yaw with the local stream (except for slight flow
angularity caused by boundary-layer growth). The subsonic portion of
the diffuser was faired into a cylindrical combustion chamber with its
axis displaced inboard of the spike axis. Boundary layer which developed
on the plate was removed upstream of the inlet by a ram-type scoop. The
inlet diffuser and boundary-layer-removel systems formed an integral
unit which could be moved relative to the flat plate by means of
spacers so as to vary the height of the boundary-layer sccop. Variation
of the initial boundary leyer was accomplished by changing the length
of flat plate upstream of the inlet (8.5, 11.5, and 14.5 in.).
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Bignificant design details of the side-inlet configuration includ-
ing a cross section of the engine and boundary-layer systems with instru~
mentation are presented in figure 2(a).

Enginé-induction system. - The 50°-conicaljspike supersonic diffuser’

was deslgned for all external compression. The shock wave originating
at the apex of the'cone theoretlcally passés Just upstream of the cowl-
ing 1ip and results in approximately 7.8-percent mass~-flow splllage with
the diffuser operating supercritically. The angle between the interior
cowl surface at the lip. and the cone axis was made equal to the flow
deflection angle through the conlcal shock while the cowl-lip included
angle was kept sufflclently small to preclude shock detachment. Details
of the internal area distribution and contours of the subsonle diffuser
are presented in figure 2(b).

A 40-tube pltot-static rake (shown in reterence 1) was located, ._
1/2 diemeter downstream of the exlt of the subsonic diffuser as indicated
in figure 2(a) to determine the total-pressure recovery and flow distri-
bution. .The subsonic portion of the diffuser discharged lnto a section
of pipe containing e standerd A.S.M.E. orifice plate which was used to
megsure the engine mass flow and which in turn dlscharged into the
tunnel subsonic diffuser (fig. 3).

Boundary-layer-removal system. - The boundary-leyer scoop was of &
simple ram type wlth stralght leading edge located at the tip of the
spike. Immediately downstream of the entrance, the passage diverged to
an included angle of 1.5°. At a distasnce 1.45 inches from the entrance
& sudden increase occurred in the axlal ares varliation as a result of
the mechanlcal deslgn used to make the scoop helght verisble.

The downstream portion of the duct developed into a circular cross
section at the end of which was located a 17-tube pltot rake to deter-
mine the total-pressure recovery. The boundary-layer ailr was ducted
outslde the tunnel end through a rotemeter system to determine the
scoop mass flow and subsequently was discherged back Into thé tunnel
test .section as a means of obtainling low back pressure (fig. 3). No
external pump was used in the boundary-layer-scoop system.

Beversl alternative boundery-leyer-removal systems were briefly
investigated and are pictured in figure 4. The first of these systems
. (fig. 4(b)) simulated the origlnal ram-type scoop (fig. 4{a)) operating
at zero mass flow but the sides of the scoop were cut back to a distance
of 1.082 inlet radius dowmstream of the cowling lip. Two widths of
splitter plate were investigated. The second configuration (fig. 4(c))
also simulated s ram-type scoop operating at zero mass flow but with the
leading edge swept to the inlet lip. The thilrd. configuration consisted
of the side inlet wlth no removal of the initial boundary layer upstream
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of the inlet but with the inlet cowling cut away in the corners as
indicated in figure 4(d). The cut out length was kept constant at one
inlet radius while the height was varled.

Boundary-layer varistion and measurement. - The boundary-layer
thickness upstream of the inlet was varied with three different plate
lengths which resulted in initial boundary-layer thicknesses (based on
V/Vb = 0.99) of 0.140, 0.188, and 0.225 inch. In order to lnsure a
fully developed turbulent boundary lsyer, roughness was added to the
flat plate at a distence of 1/2 inch from the lezding edge. This
roughness consisted of a l/4-inch strip of 180 carborundum dust sprinkled
1ightly on wet lacquer. Boundary-layer profiles 1/2 inch upstream of
the inlet (station 1) were measured with four remote controlled pitot
tubes spaced as indlicated in figure 5. To determine whether the initial
boundary layer was affected by the presence of the model, surveys were
made gt station 1 on an unbroken flat plate. No effect could be
measured. Statlic pressures were measured on the plate in the planes of
the surveys and were assumed constant throughout the boundary layer.

In addition to obtaining the initial boundary-layer profiles, this
instrumentation was utilized to determine the free-stream Mach number
upstream of the inlets. After initially determining this informstion,
the boundary-layer probes were removed for the remainder of the investi-
gation.

The nondimensional boundsry-layer velocity profiles obtained at
each spanwlse station for the three plate lengths are presented in
figure 5. A mean curve 1s faired through the data which was assumed to
be the profile for all calculations involving the initial boundary layer.
The initial boundery-layer-thickness parasmeters S/R (ratio of initial
boundary-lsyer thicknegs to inlet radius) were 0.093, 0.125, and 0.150.

'Test Conditions and Procedure

The Investigation was conducted in the 18- by 18-inch supersonic
wind tunnel at the NACA Lewls laboratory. The Mach number upstream of
the inlet determined from local total and static pressures was 1.88
which was considered to be the free-stream Mach number. Test-section
total temperature and pressure were spproximately 150° F and atmospheric,
respectively, which resulted in & Reynolde number of approximstely
5.24X%06 ber foot. The dewpolnt was maintained within the renge of -20°
to -5 F. : .

For each of the three lnitial boundary-layer-thlckness parameters
B/R, the scoop height was veried from zero to a value greater than the
boundary-leyer thickness. The engine mass flow was veried for esch scoop
height and for various outlet area settings of the boundary-layer duct.
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To simulate the take-off conditlion, the inlet was also investigated in
quliescent air for a range of engine mass flows up to the choking value.
For these tests the boundary-layer scoop was set at a height of 0.093
times the inlet radius but did not pass any air.

In addition to steady schlieren photographs of the flow in the
vicinity of the inlet, high-speed motion plctures were teken. Pressures
were recorded on tetrabromoethane mltimasnometer boards.

DISCUSSION OF RESULTS

The pressure-recovery and mass-flow characteristics of the main
inlet and boundary-layer scoop are referenced to conditions immediately
upstream of the lnlet as determined by the aforementioned boundary-layer
surveys. Thus, for example, &t an inlet mess-flow ratio mD/ml p of 1,
the inlet is capturing the maximum amount of mess flow that is ﬁossible
in the given flow fleld. Simllarly at an inlet ftotal-pressure recovery
PZ,D/Pl p ©of 1, the inlet le recovering all of the total pressure
evalleble upstream of the inlet in this maximum stream tube.

Conditions upstream of the inlet represent a defect of mass flow
and total pressure from the free-stream conditions. These defects are
best represented by (l) the ratio of the average total pressure in the .
actual meximum stresm tube that could be captured by inlet or boundery-
layer scoop to the Free-stieam total pressure and (2) the ratio of the
maximum mass flow possible to the mass flow that an equal-area stream
tube would pass in the free stream. Knowledge of these rgtlios guickly
enebles the present data to be referenced to free-stream conditions if
desired. The varlations of average mass-flow and total-pressure ratios
upstream of the inlet only and upstream of the inlet plus the boundary-
layer scoop for verious settlngs of the scoop height and for the three
thicknesses of initiel boundary layer are presented in figures 6(a) and
6(b). With no removal of the thickest boundary layer (b/8 = O,

S/R = 0.15), the meximum avallable pressure recovery and mass-flow
retio of the inlet were still 0.95. Figure 6(c) presents similar plots
for the boundary-layer scoop. ’ ' ’ B

Visual Flow CObservations

Schlieren photographs of the inlet operatling at pesk pressure
recovery for several values of boundary-layer-scoop-height parsmeter
h/B less than 1 are presented in figure 7(a). The pesak pressure
recoveries correspond to maximum flow in the boundery-layer scoop.
Figure 7(b) shows the inlet operating at two different scoop helghts
greater than the boundary-layer thickness. At these scoop heights the
Pesk pressure recovery point was obtained with a slightly subcritical
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mags-flow ratio in the boundary-layer scoop rather than at maximum flow
as wlll be dlscussed later. The shock patterns were noticeably different.

The small shock wave originating on the plate just upstream of the
boundery-layer scoop arose from alr leakage through the very small
(0.020 in.) instrumentation holes in the plate. The apparently strong
oblique shock waves upstream of the inlet originated at the strip of
roughness at the plete leading edge and st the attachment joint of the
plate extension. These waves do not affect the results of these tests.

In contrast to nose lnstallations, the spike-type diffuser as a
slde inlet exhibited verious types of unsteedy operation. The approxi-
mate buzz patterns are indicated in figure 8. Figure 8(a) shows a
steady shock pattern whereas figures 8(b) to 8(e) indicate the extremi-
ties of the buzz patterns obtained. With complete removal of the
boundary layer, the inlet buzz was of the usual form for subcritical
nose-inlet operation, that is, with the shock pattern oscillating from
inside the inlet to the tip of the spike (fig. 8(b)). If some boundary
layer was spilled into the inlet either by reduced scoop height or mass-
flow ratio, this subcritical shock oscillation extended out onto the
flat plate upstreem of the inlet for a distance as great as several
inlet diameters (fig. 8(c)). Accompanying thls shock travel was sepa~-
ration of the boundary layer on the plate with a resulting oscillation
of the inlet end scoop mass flows. When the boundary-layer scoop was
operating subcrliticelly and the lnlet supercritically, asnother type of
buzz was encountered. In this case the high-speed photographs showed
a slight fore and aft high-frequency oscillation of the obligue shock
wave upstream of the boundsry-layer scoop (fig. 8(d)). A mixed buzz
condition occurred when the inlet was operating very near pesk pressure
recovery with the boundary-layer scoop operating subcritically. In
this condition the oscillating oblique shock upstream of the boundery-
layer scoop apparently caused the inlet shoek to oscillate along the
length of the spike as shown in figure 8(e).

Meain Inlet Performence

The basic inlet performance dats for each setting of inlet and
scoop mass-flow ratio consisted of totel and statie pressure distri-
butions at the end of the subsonic portion of the diffuser. Typical
distributions in the form of total pressure snd Mach number contour
meps are presented in figure 9. The cases considered are the peak
Pressure recovery conditions for three settings of the boundary-layer-
scoop height with meximum mess flow through the boundary-lsyer scoop.
In general, the point of maximum locel total-pressure recovery was shifted
outboard from the axis of the dischsrge duct. This condition became
more pronounced asg the boundary-layer-scoop height was increased and
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was accompanlied by strong Mach number gredients. For large scoop
heights, a consldersble region of separated flow was present.

The aversge total-pressure recoveries obteined were based on an
ares welghting technique. Even with the poor pressure distribution of
figure 9(c), the maximum spread in pressure recovery among various
averaging techniques was approximately 1.8 percent due to the relatively
low discharge velocities.

Typical variations of inlet pressure recovery with inlet mass-flow
ratio are presented in figure 10 for & slngle value of initial boundary-
layer-thickness parameter S/R of 0.083. Data for values of scoop

"helght parameter h/S of 0 to 1.571 are presented. For each scoop
height setting, the pressure-recovery varlatlons for a range of outlet
ares settlngs on the boundary-layer scoop are shown. In the super-
criticel range of inlet operation, the f£ixed outlet on the boundary-layer
scoop corresponded (for a given scoop height) to & fixed boundary-layer
mass-flow retio with which the individual curves are labeled. In certain
ranges of suberitical inlet operation, however, the inlet shock configu-
ration influenced the boundary-layer flow as illustrated in figure 10(c)
where the suberitical boundary-leyer-scoop mass-flow ratlios are labeled.
(Where a maximum secoop or inlet mass-flow ratio greater than 1 is
indicated, some lnaccuracy probably occurred in elther measurement of
the mass flow or estimation of the maximum possible mass flow. The
error 1n estimmting maximim mass flow could arise from deflection of
the scoop lip in the case of the boundary-layer scoop.)

In genersl for large values of boundary-leyer-scoop mass-flow ratio,
the pressure recovery mass~-flow characteristics were of the usual form
for a splke-type diffuser. These characteristice indicated peak pressure
recovery at a slightly subcritical inlet masg-flow ratio which was
followed by a severe reduction in pressure recovery with further reduc-
tion in mass-flow ratio ag a result of diffuser buzz. Reduction of the
boundary-leyer-scoop mass-flow ratio to values less,than unity had three
effects as shown in figure 10: (1) the supercritical inlet mass-flow
ratio was reduced, (2) the peak pressure recovery was reduced, and (3)
the peak pressure recovery was shifted to lower values of inlet mess-
flow ratio. The regions of unsteady operation are shown as dotted lines
in the figure. (With supercritical inlet operation the oscillations were
smell, but- for subcritical inlet operation the oscillations were fre-
quent%y very large; hence, the manometer averages are somewhat question-
eble.

An exceptlion to these trends occurred when the boundary-lsyer-scoop
height exceeded the boundery-layer thickness. In this case the highest
Pressure recoverles were obtained with a boundary-leyer-scoop mass-flow
ratlo of slightly less than meximum. With a boundary-layer thickness
corresponding to 5/R of 0.093 and h/a of 1.571, the increase in

19¢22
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recovery as the scoop mass-flow ratio was reduced was not pronocunced;

this increase can be qualitatively explained by an observed reduction

in the inlet internsl separation when some boundary layer is spilled

into the inlet. For h/8 of 1.250, however, where the greatest effect

was observed, the amount of internal separation at the end of the sub-
sonic diffuser did not apprecisbly very with the slight change in boundary-
layer-scoop mass-flow ratio (0.88 to 1.03).

A summary plot of the peak total-pressure recovery PZ,D/Pl,D
a functlon of boundary-layer-scoop-height parameter h/S for various
boundary-lasyer-scoop maess-flow ratlos is shown in figure 11 for B/R of
0.093. With complete removel of the initial boundsry layer, the side
inlet yielded a total-pressure recovery of gpproximately 89 percent and
was comparable to & nose inlet. The theoretical shock récovery was
approximately 94 percent which indicates subsonic diffuser recovery of
approximately 95 percent. Allowlng the entire initial boundary layer to
flow into the inlet lowered the inlet total-pressure recovery to spproxi-
mately 70 percent elthough the initiel defect in total pressure in the
boundary layer did not greatly affect the average total pressure
upstream of the inlet.

Pitot surveys of the inlet throat indicated that the shock losses
agreed with the theoretical losses; hence, large additionsl losses in
total pressure occurred in the subsonlc diffuser. Application of a
boundary-layer-control system within the subsonic diffuser by such
schemes as vortex generators or self-energized internsl boundary-layer
removal may be effective in reducing these losses.

The inlet was particulerly sensitive to suberitical scoop operation
for large values of h/&. In such cases, for values of boundary-layer-
scoop masg-flow ratlo somewhat less than the optimum, unsteble operation
of the scoop and subsequently the inlet reduced the inlet pressure
recovery merkedly. Imn figure 11 for values of scoop helght below those
where buzz 1ls encountered, the variations of pesk pressure recovery with
scoop-height parameter for subcritical scoop operation msy be predicted
from the variation with supercritical scoop operation by assuming that
the Inlet pressure recovery is only a function of the boundary-layer mass
flow that enters it and not of the scoop height. The amount of boundary-
layer mass flow that enters the inlet is defined by the height of the
stagnation streamline (see sketch on fig. 11). Thus with subcritical
scoop operatlon, the inlet pressure recovery is assumed equal to thet
obtained with supercritical operation of a scoop of height equal to the
height of the stagnation streamline under consideration.

The variations of pesk total-pressure recovery with boundary-layer-
scoop-height parameter for the three values of initial boundary-layer-
thickness parameter are shown in figure 12. These dasta were obtained at
boundery-layer mass-flow ratios that were optimum with respect to inlet
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pressure recovery. Only a small initial spread in the data was observed
at zero scoop helght despite the dlifference in inlitial boundary-layer
thickness which indicates that all three thilcknesses were sufficiently
large to destroy the subsonlc diffuser flow. With most of the boundary
layer removed, the pressure recovery curves were comparsble. In this
reglon a single rough fairing is shown as well as three individual
falrings based on an unexplained tendency towerds a slight peaking at
values of scoop helght epproximately equal to the boundary-layer
thickness. -

The point of peak pressure recovery is not necessarily the most
desireble point at which to operate a supersonic diffuser when this peak
is considerably subcritical. For this reason the curves of pressure
recovery as a function of inlet mass-flow ratio are presented in
Pigure 13 for each initial boundary-layer thickness and scoop height
to supplement figures 10 and 11. Boundary-layer-scoop mass-flow ratlo
was meximum or slightly less as indicated. The optimum operating point
is a functlion of the particular inlet-engine combinsation under consider-
ation.

Inlet Performance with Modified
Boundery-Layer Control

The sensltlvity of the inlet pressure recovery to suberitical
operation of the boundary-layer scoop has already been discussed.
Several alternative boundary-layer-removal systems (fig 4) designed to
eliminate this spread between the zero and maximum scoop mass-flow
curves were brlefly investigated.

In the first configuration (fig. 4(b)), the sides of the original
ram scoop were removed so that any throttling of the boundary-layer duct
would result in spillage of the flow to the sides rather than over the
scoop and into the inlet. This configuration was only investigated for
the case of 100-percent spillage. The inlet presgure recovery plotted
egainst mass flow wlth this configuration and with the same general
configuration with & widened splitter plate are shown in figure 14(a)
for two values of scoop height. The best pressure recovery was obtained

with a scoop height equal to the boundary-layer thickness and was approxi-

mately 8 percent below what might be expected if the boundary layer were
ducted off as with the original ram-type scoop. This discrepancy -

epparently resulted from a shock which was observed in schlieren photo-

graphs to stand upstream of the scoop. The shock would be expected from
the blunt-body-type duct blockage used for these tests. Presumsbly, if

the blockage under the plate were moved far enough downstream, the inlet
pressure recovery should gpproach the ram-type scoop value. Also use

of a low angle wedge under the splitter plate to "plow" the boundary
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layer aside should be effective and may prove advantageous in cases where
there is no practical need, such as for cooling purposes, to utilize the
boundary-layer air. ’

The second configuration (fig. 4(c)) investigated similated a ram-
type scoop with a leading edge swept from the cone tlp to the inlet lip.
Again the case of zero scoop mess flow wes considered. The best pressure
recovery of 85 percent (fig. 14(b)) was obtailned with a scoop height
equal to the boundary-layer thickness and was only 4 percent less than
what might be expected with the scoop passing meximum mass flow.

The third configuretion (fig. 4(d)) departed from the previous
gpproaches which considered removal of the boundary layer upstream of the
inlet. Pitot~pressure surveys at the throat of the inlet indicated that
most of the initisl boundery layer flowed around the spike and filled
the corners of the annular throat. Because this plle up of low energy
alr was located close to the cowling, it appeared that cutting slots in
the cowl corners might be more effective in removing the boundary layer
than they were on the ramp-type inlets of reference 2. Accordingly, the
ram scoop was eliminated and slots one inlet rsdius long and of seversal
heights were investigated. The results, presented in Pigure 14(ec),

‘indicated a pressure recovery of 86 percent with a slot height of

1
15 times the initial boundary-layer thickness. (Additional slot height

or length might still further have improved the performance as might
locating scoops in the corners of the annular throat rather than merely
slotting the cowling.) This recovery was obtained at an inlet mass-flow
ratio of 0.845 which was slightly less than in the casse of the ram-type
scoop of h/S = 0.9 where the inlet captured 0.8 of the maximum possible
mass flow through the inlet plus boundary-lsyer scoop.

A summary plot of the results is presented in figure 15 with pesk
pressure recovery as a function of h/8 where h 1s also the slot
height In the case of the slotted cowl.

Nomuniform Initial Boundary Layer

Actual installation of an inlet on an alrcraft fuselage at angle of
attack may result in e nonuniform boundary leyer upstream of the inlet.
To similate this condition the original configuration with ram-type
boundary-layer scoop was investligated on a flat plate with a swept lead-
ing edge. The swept leading edge caused & nearly linear spanwise vari-
ation of boundary-layer thickness upstream of the scoop as indicated in
the sketech of figure 16. This figure presents the variation of peak
pressure recovery with the boundary-layer-scoop-helght paremeter h/8
where & 1s taken as the maximum 8 upstream of the scoop. This curve
is nearly coincident with the original varlation with uniform boundary
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layer with spproximstely the same value of © which indicates the maxi-

mum thickness of the initial boundary layer to be a significant parameter__

in determining the internal losses.

Boundary-Layer-Scoop Performance

Because of the discontinuity in the axlal aree variation of the
boundary-layer ducting, the pressure recoveries obtained in the boundary-
layer system were.probably lower than could be achieved by careful
design. The pressure recoverlies obtalned with the system used in this
investigation are considered of general interest, however, and are
presented 1in figure 17 as & function of boundary-layer-scoop massg-flow
ratlo for varlious scoop heights. The main Inlet was operating super-
critically for this data. Figure 17(a) references the recovered
pressure. to the average total pressure upstream of the scoop whereas
Tigure l7(b) references to free-stream total pressure. As would be
expected the low scoop heights yielded the highest recoverles referenced
to conditions upstream of the scoop as & result of the low ilnitial
aversge Mach numbers and ylelded the lowest recoveries referenced to
gtream conditions.

The amount of boundary layer handled as a percentage of maximum
inlet mass flow 1s presented as a function of h/S in figure 18. As
would be expected . the amount of air handled to obtaln peak inlet pressure
recovery increases as the boundary-layer thickness upstream of the
inlet increases. At a value of h/S of 1.00, for exemple, the quan-
tities removed were 9.8, 13.0, and 14.5 percent of the inlet mass flow
for values of S/R of 0.093, 0.125, and 0.150, respectively. This
range of 10 to 15 percent of inlet mass flow is typlecal of that required
for engine cooling purposes.

The optimum amount of boundary-layer removal with the ram-type
scoop as well as the various other systems investigated is & funection
not only of the corresponding inlet and hence engine performance but
also of the cost in drag of handling the boundary-layer alr. Consider-
atlion of the drag is beyond the scoop of the present investigation.

Inlet Performance at Take-0Off

In the spplication of air inlets to alrcraft, it is desirsble that
the 1nlet operate satisfactorily over the entire flight range from zero
to meximum flight speed. Accordingly, the inlet was investigated at
the take-off conditlon of zero forwerd speed. Pressure recoverles were
determined over the range of mass flows up to maximum and are presented
in figure 19 as a functlon of inlet choking mese-flow ratio mD/mD,C

bz o
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where mp,¢ is the theoretlcal mass flow which could be captured with

a choked minimm geometric throat ares. The pressure recovery decreasgsed
gpprecliably es the mass flow approached a limiting value of 80 percent
of the theoretical maximum. This limit probebly resulted from internal
separation of the flow due to the shearp lip. The data indicate that an
inlet with a sharp lip is not satisfactory for take-off unless the
throat velocity 1s kept very low by use of blow-in doors or some similar
procedure.

SUMMARY OF RESULTS

An experimentsl investigation at Mach number 1.88 of the perform-
ance of a gplke-type side inlet wlith boundery-layer removal ylelded the
following results:

1. With complete removal of the initial boundary layer upstream
of the lnlet by means of a ram-type scoop, the side inlet ylelded an
Inlet total-pressure recovery of approximately 89 percent whlch indicated -
a subsonic diffuser recovery of gpproximstely 95 percent and was com-
parsble to nose-inlet performance.

2. Allowing the initial boundary layer to flow into the inlet
lowered the inlet total-pressure recovery to gpproximately 70 percent
although the initial defect in total pressure in the boundary layer did
not greatly affect the average total pressure upstream of the inlet.
Most of the additional losses were determined to occur in the subsonic
diffuser, which suggests the application of internal boundary-layer
control.

]

3. The inlet performence with a ram-type scoop was sensitlve to
the boundary-layer-scoop mass-fl¢w ratio. Seversl aslternative boundary-
layer-removal systems were briefly lnvestlgeted which greatly reduced
this sensitivity.

4. The 1nlet was subject to large total-pressure losses when
operating at zero forward veloclty and high throat velocities.

Lewis Flight Propulsion Leboratory,
National Advisory Committee for Aeronautics,
Cleveland, Ohio.
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Boundsry-layer-scoop-height parameter h/a, 0 (no scoop); inlet
total~pressure recovery PZ,D/Pl,D’ 0.7060; inlet supercriticsal.

Boundery-layer-scoop-height parasmeter h/B, 0.571; Bcoop mass~
flow retio ms/ml,s, 0.950 (mex.); inlet total-pressure recovery
Pp,p/P1,ps; 0.8157; inlet supercritical.

C-27980

Boundary-layer-scoop-helght parameter h/B, 0.883; scoop mass-Tlow
ratio ""S/ml,s’ 1.048 (mex.); inlet totel-pressure recdvery
PZ,D/Pl,D, 0.8905; inlet supercritical.

(a) Boundary-layer-scoop-height parameter h/5, < 1.

Figure 7. - Bteady schlieren photographs-
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Boundary-layer-scoap-height parsmeter
h/6, 1.250; scoop mase-flow ratio
ms/ml,s, 1.0%0 (max.); inlet totel-

pressure recovery PZ,DfEl_,D’ 0.8306;

inlet svpercritical; scogp super-
critiecal.

=layer~gcoop~helight peremecter
h/8, 1.250; scoop-masa~flow ratio
]'B/ml,s: 0.760; inlet total-pressure
recovery Pp p/Py p, 0.8848; inlet
supercritical; scoop suberitical.

Boundary-layer-scoop-helght paremeter

b/8, 1.571; seoap mass-flow ratio
mgfm g, 1.040 (max.); inlet total-

pressure recovery Pp 1/Py p, 0.8685;

demTnd SimosasedtdanTs . Ty
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critical.

Boundary-layer-scoop-height paremeter
h/8, 1.571; seoop mess-flow ratio
"B/ml,S’ 0.851; inlet total-pressure

recovery P?..,D/PI,ID’ 0.8812; Inlet
pupercritical; scoop suberitical.

(b) Bomndary-layer-scoop-height parmmetex LB, > 1.

Ficnmre 7. = Conelnded.
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(a) sSteady flow pattern; boundary-layer-scoop-height parameter h/§ 21;
scoop mess-flow retio ms/ml,s, 1.0.

(b) Suberitical inlet flow; boundary—la.yer—scoop—heig];t parameter h/5%1;
scoop mass-flow ratio mS/ml,s: 1.0.

(c¢) Suberitical inlet flow; boundery-layer-scoop-height paremeter h/3 ¥1;
scoop mess-flow ratio I“S/ml, gs O-

(a) Supercritical inlet flow; boundary-layer-scoop-height paresmeter h/5 > 1;
scoocp mass-flow ratio I“S/Ml,s, 0.60.

{e) Inlet oscillation induced by scocp; boundary-layer-scoop-height
parsmeter h/8 > 1, scoop mass-flow retio mg/m; 4, 0.60.

Figure 8. - Various types of buzz patterms encountered.
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Total-pressure map

<«—— Diffuser discharge dismeter ——r{
1 3

Mach number map T

(a) Boundsry-layer-scoop-height parameter h/S, O; PZ,D/Pl,D’ 0.706.

Flgure 9. - Totel-pressure and Mach number contour maps at diffuser dlscharge.
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v

Separated flow:
- Total pressure map

<—— Diffuser discharge diameter ———=

Separated flo -
Mach number map

(b) Boundary-layer-scoop-height parsmeter h/8, 0.893; Pz p/P1,p, 0.891.

Figure 9. - Contlnued. Total-pressure and Mach number combour maps at diffuser discharge.
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(c) Boundary-

Figure S. - Concluded.

NACA RM E51G06

Total pressure MApP l

l(——-—- Diffuser dlscharge dismeter —

Separated flow

Mach npumber uwap

layer-scoop-height paramster n/s, 1.571; PZ,D/PI,D’ 0.870.

Total-pressure and Mach number contour maps at diffuser discharxge.
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